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Field of the Invention : 

This invention relates to electrochemical cells such as 
proton exchange membrane (PEM) fuel cells, direct methanol 
fuel cells (DMFC) and, more particularly, to an enhancement 
treatment of electrodes, catalyst-coated membranes, and 
membrane-electrode assemblies used in these types of 
electrochemical cells in order to improve performance. 



BACKGROUND OF THE INVENTION 

The performance of an electrochemical cell, such as a 
proton exchange membrane (PEM) fuel cell and a direct methanol 
fuel cell (DMFC), is largely determined by the membrane- 
electrode assembly (MEA) . The MEA has an anode for fuel 
oxidation, a cathode for oxygen reduction, and an ion- 
conducting membrane for proton conductance. 



The fuel oxidation reaction and the oxygen reduction 
reaction of these cells have typically slow kinetics. 
25 Therefore, catalysts such as platinum and its alloys are often 

used to catalyze these reactions . 
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Catalysts are generally made into porous layers in order 
to increase the surface contact area between the reactants and 
the catalyst particles. The layers can be applied either to 
the membrane or to a gas diffusion medium. A catalyst 
5 electrode (hereinafter "electrode") is fabricated by applying 

the layer to the gas diffusion medium. A catalyst layer that 
is applied to a membrane produces a catalyst-coated membrane 
(CCM) . Normally, both sides of the membrane are coated. 

10 In order to reduce the cost of a fuel cell, it is 

i*l desirable to reduce the amount of noble metal catalysts in the 

% catalyst layers. Initially, the minimum catalyst loading in 

m 

IT" an electrode able to provide good performance was found to be 

% over 4.0 mg/cm 2 . Subsequently, metal nano-particles having a 

m 

X£l higher surface area were prepared upon a carbon black support 

;*f layer, as illustrated in U.S. Patent Nos . 4,16 6,143, granted 

12" to Petrow et al on August 28, 1979; 4,876,115, granted to 
\$ Raistrick on October 24, 1989; and Re. 33,149 granted to 

Petrow et al on January 16, 1990. 

20 

Both electrons and protons are involved in fuel cell 
reactions, thus requiring both electrical, as well as proton 
conductivity. In a traditional MEA this will limit the 
reaction zone within the interface, between the catalyst 
2 5 layer, and the ion-conducting membrane. This interfacial 

region is extremely thin and the total surface area of the 
catalyst particles in this region is low. Therefore, the 
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catalyst layer is unable to provide a high current density. 
The catalyst that is not in contact with the membrane is 
simply wasted. 



5 Nafion, an ionic-conducting, perf luorinated ionomer can 

be incorporated into the catalyst layer to improve the current 
density. Incorporating Nafion into the entire catalyst layer 
will provide improved conduction for protons. 

10 Nafion® can be impregnated into a catalyst layer by 

brushing and spraying, or by respectively floating, or dipping 
the electrode into a Nafion solution. Ticianelli et al, 
! 5 f Methods to advance technology of proton exchange membrane fuel 

:€ cells, J. Electrochem. Soc. pp. 2209-2214 (1988), September. 

# 

15 Poltarzewski et al, Nafion distribution in gas diffusion 

W electrodes for solid polymer-electrolyte-fuel-cell 

jf applications, J. Electrochem. Soc. pp 761-765 (1992), March. 

j|p Applying Nafion in this way provides an opportunity to 

incorporate a water-repelling agent such as 
2 0 polytetrafluoroethylene (PTFE) into the catalyst layer. The 
final catalyst layer will be controllably hydrophobic and be 
able to reduce the likelihood of flooding. The disadvantage 
of this method is that it is very difficult to control the 
amount of Nafion applied. Therefore, it is impossible to have 
25 a homogeneous distribution of Nafion over the entire catalyst 

layer. 
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Another method of incorporating Nafion into a catalyst 
layer is to mix catalysts, especially supported catalysts, 
directly with Nafion and then use the resulting mixture to 
fabricate the catalyst layer, as illustrated in U.S. Patent 
Nos. 5,211,984, granted to Wilson on May 18, 1993; 5,723,173, 
granted to Fukuoka et al on March 3, 1998; 5,728,485, granted 
to Watanabe et al on March 17, 1998; and 6,3 09,772, granted to 
Zuber et al on October 30, 2 001. Mixing the catalysts and 
Nafion forms a mixture providing an even distribution through 
the entire catalyst layer. Solvents such as glycerol may be 
used during the mixing in order to achieve a preferential 
viscosity and to hold the catalyst particles in suspension in 
order to minimize their agglomeration, as shown in U.S. Patent 
No. 5,211,984, granted to Wilson on May 18, 1993. 

Sometimes the Nafion solution is converted into a colloid 
suspension by adding a proper organic solvent before mixing it 
with the catalyst, as illustrated in U.S. Patent No. 
5,723,173, granted to Fukuoka et al on March 3, 1998. It is 
described in this patent that colloidal Nafion forms a good 
network that achieves a uniform distribution with the catalyst 
particles . 

Directly mixing the Nafion solution, or colloid 
suspension with the catalyst, however, makes it difficult to 
incorporate PTFE into the catalyst layer. This is because 
PTFE normally needs to be sintered at a temperature higher 



Docket No. HPC-121 



than 330°C. However, such a temperature will destroy Nafion. 
Unfortunately the catalyst layer is more likely to be flooded 
without the PTFE. 

5 All these recent developments have helped to decrease the 

catalyst loading from 4.0 mg/cm 2 or more, to 0.5 mg/cm 2 or less. 
However, a fuel cell that has slightly loaded catalyst 
electrodes has much lower performance than a fuel cell using 
highly loaded catalyst electrodes. This lowered performance 
10 results from there being many catalyst sites that will not 

fl! become active and are figuratively "dead. " The reasons for 

% this could be: the reactant cannot reach the catalyst sites 

j£ because they are blocked; the Nafion near these catalyst sites 

Ik cannot be easily hydrated; or the ionic or electronic 

If continuity is not established at these sites. Catalyst sites 

[IS that cannot participate in the electrochemical reactions are 

i|[ "dead." 

&z 

}W 

The present invention provides a procedure and an article 
2 0 made by the procedure whereby catalyst utilization is enhanced 

significantly. 

The present invention has discovered that "dead" catalyst 
sites can be activated by treating the catalyst layer with 
25 steam or a high temperature solution. 
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SUMMARY OF THE INVENTION 



Despite recent advances to reduce noble and precious 
metal loads in the catalyst layers of fuel cells, high 
performance has not yet been achieved. Directly mixing a 
catalyst with a proton conducting material such as Nafion 
makes a three-dimensional catalyst layer, but many of the 
catalyst sites are not available for reaction. The method of 
this invention activates these previously "dead" catalyst 
sites, by treating the catalyst layers with steam or a high 
temperature solution. In operation, the treated catalyst 
layers will perform significantly better than their non- 
treated counterparts . 

It is an object of this invention to provide a method, 
and an article fabricated by this method, wherein "dead" sites 
of catalyst layers of a fuel cell become activated. 

It is another objective of this invention to provide 
increased catalyst activity in catalyst layers of a fuel cell 
by treating the electrodes with steam, or hot solution, before 
they are bonded onto a membrane to form an MEA. 



It is yet another objective of this invention to provide 
2 5 increased catalyst utilization by treating CCMs and MEAs with 

steam, or a hot solution, before they are assembled into a 
cell, or fuel cell stack. 



m 

20 
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BRIEF DESCRIPTION OF THE DRAWINGS 



A complete understanding of the present invention may be 
obtained by reference to the accompanying drawings when 
considered in conjunction with the subsequent detailed 
description, in which: 

FIGURE 1 shows a graph illustrating the performances of 
electrodes having been steamed for 0, 10 and 40 minutes, 
respectively; 

FIGURE 2 illustrates a graph depicting the performances 
of CCMs having been steamed for 0, 40 and 60 minutes, 
respectively; and 

FIGURE 3 shows a graph of the performances of electrodes 
having been boiled in water for 0 and 10 minutes, 
respectively. 



DETAILED DESCRIPTION OF THE INVENTION 

Generally speaking, in order to make a catalyst layer 
active in three-dimensions, an ionic-conducting material is 
normally incorporated into the catalyst layer. The electrodes 
are then dried to remove solvents from the catalyst layers, 
and to make the ionic-conducting material more robust so it 
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will not leach out during fuel cell operation. This drying 
process, unfortunately, dehydrates the electrode. Rehydrating 
the electrodes of a PEM fuel cell at elevated temperature 
restores the ionic conducting in the catalyst layer. This will 
result in maximizing the activity of the catalyst in the 
electrodes and improve performance of the PEM fuel cell. 

Hot-bonding catalyst, electrode layers to membranes in an 
MEA may dehydrate them. The extent of dehydration will depend 
on the bonding temperature, duration, and humidity. However, 
most of the ionic-conducting material contained therein can 
regain their hydration by heat-treating them with steam or a 
hot solution prior to testing. Not only is the ionic- 
conducting material in the catalyst layer hydrated faster at 
the higher temperature, but it also occurs in more regions of 
the catalyst layer. This leads to an improved utilization of 
catalyst in the electrodes, resulting in enhanced fuel cell 
performance. 

Treatment with steam or a hot solution may also open some 
otherwise "dead" regions in the catalyst layer. 

This same procedure can also be used to treat CCMs and 
MEAs. When MEAs are treated, however, caution should be taken 
to prevent electrodes from detaching from the membrane. A 
slight applied pressure may be needed between the electrodes 
of each MEA to prevent any detachment . 
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EXAMPLES 



A catalyst mixture was prepared by directly mixing 
support 20% or 40% Pt/°C with a Nafion solution. The mixture 
was stirred thoroughly before it was applied to a gas 
diffusion medium. Carbon paper-type material was used as the 
anode gas diffusion medium, while ELAT, a carbon cloth 
impregnated with a mixture of PTFE and carbon black, was used 
as the cathode gas diffusion medium. After catalyst 
application, the electrodes were dried in an oven at 135°C, 
for 30 minutes. These electrodes, with or without a further 
treatment as described below, were hot-bonded onto Nafion 112 
membranes at 130°C. 

The following treatment was only applied to the cathodes 
because they determined the whole MEA performance when pure 
hydrogen was used as the fuel. The treatment was either 
boiling the electrodes in water or applying steam to the 
electrodes in a household pressure cooker (PC-806M, Revere 
Electronics) . When boiled in water, the electrodes were 
floated on the surface of the water and the catalyzed side was 
arranged to face the water. When steamed, the electrodes were 
either floated in the liquid water phase, or supported by a 
stand so that they would only be in contact with the water 
vapor. Catalyst-coated membranes were also treated in a 
similar manner using either hot water or steam. 
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MEAs or CCMs were tested using a 10 cm 2 single cell. The 
cell consisted of serpentine flow-fields disposed upon metal 
nitride-coated plates. Tests were performed at ambient 
pressure, with a cell temperature of 35°C, using hydrogen and 
5 air that were humidified at 45 °C by being passed through water 

bottles . 



Now referring to FIGURE 1, the effect of steaming upon 
electrode performance is illustrated. The cathode catalyst 
10 layers were made of 20% Pt/C, with a Pt loading of 0.11 mg/cm 2 . 

£ Compared to the non-steamed electrode (Curve 1) , electrodes 

% that were steamed for 10 minutes (Curve 2) and 40 minutes 

f? (Curve 3), exhibited much higher performance throughout the 

\^'- 

;ft entire voltage region. For example, at a cell voltage of 0.60 

1,5 V, the non-steamed electrode had a current density of 0.28 

W A/ cm 2 , while both of the steamed electrodes had a current 

ijl density of 0.44 A/cm 2 (a 57% increase) . The two steamed 

j|f electrodes performed similarly indicating that steaming for 

only 10 minutes was sufficient to improve performance. 

20 

Referring to FIGURE 2, the effect of steaming on the 
performance of a Catalyst Coated Membrane (CCM) is 
illustrated. The CCM had a reinforced membrane of ca. 25 Jim 
thick, and a catalyst loading of 0.30 to 0.50 mg/cm 2 on each 
25 side. Gas diffusion media were attached (not bonded) to this 

catalyzed membrane during the testing. A performance increase 
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in the entire current density region was observed after 
steaming (Curves 5 and 6 compared to Curve 4) . 

Referring to FIGURE 3, the effect of increased 
performance is illustrated for boiled electrodes. Electrodes 
with two different Pt loadings, 0.084 and 0.19 mg/cm 2 , 
respectively, were tested. The electrodes were made from 40% 
Pt/C. A sizable increase was achieved for both Pt loading 
electrodes after a 10-minute boiling (Curves 9 and 10, as 
compared with Curves 7 and 8) . 

Since other modifications and changes varied to fit 
particular operating requirements and environments will be 
apparent to those skilled in the art, the invention is not 
considered limited to the example chosen for purposes of 
disclosure and covers all changes and modifications which do 
not constitute departures from the true spirit and scope of 
this invention. 

Having thus described the invention, what is desired to 
be protected by Letters Patent is presented in the 
subsequently appended claims. 

What is claimed is: 
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